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Abstract 

 
Water pollution caused by synthetic dye effluents that resist natural degradation 

has intensified the need for stable and environmentally sustainable 

photocatalytic materials. This study aimed to synthesize and characterize bilayer 

SiO₂/CuO thin films using silica extracted from rice husk ash (RHA) and to 

evaluate their photocatalytic activity for methylene blue (MB) degradation. Silica 

was extracted from agricultural RHA, activated with 1 M HCl, fabricated into 

thin films through sol–gel and spin-coating techniques, and thermally annealed 

at 300 °C. X-ray diffraction analysis confirmed the amorphous structure of silica, 

indicated by a broad diffraction hump centered at 2θ ≈ 22°, and the formation 

of monoclinic CuO crystalline phases in the bilayer films. Cross-sectional 

scanning electron microscopy showed that the pure SiO₂ film had a smooth 

morphology and a thickness of 3.507 µm, whereas the bilayer SiO₂/CuO film 

had a total thickness of 5.444 µm and exhibited a distinct porous upper layer 

comprising accumulated CuO grains deposited on the smooth SiO₂ base layer. 

Under UV-A irradiation, MB absorbance at λ = 664 nm decreased continuously, 

resulting in a degradation efficiency of 12.13% after 180 min. The degradation 
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process closely followed pseudo-first-order kinetics, with a rate constant of 7.33 

× 10⁻⁴ min⁻¹ and R² = 0.985. These findings demonstrate that biomass-derived 

silica from RHA can function as a supporting matrix for anchoring 

photocatalytically active CuO granular structures. This study contributes to the 

sustainable utilization of agricultural waste and provides a foundation for the 

further development of biomass-derived thin-film photocatalysts for synthetic 

dye degradation. 

Keywords: Biomass-Derived Silica; Methylene Blue Degradation; 

Photocatalysis; Rice Husk Ash; SiO₂/CuO Thin Films 

 

 

INTRODUCTION 

Water pollution caused by industrial wastewater containing synthetic dyes and 

persistent organic pollutants poses a severe threat to aquatic ecosystems and human health 

because these contaminants exhibit high chemical stability and resistance to natural 

degradation. Conventional wastewater treatment methods, including adsorption, 

coagulation, membrane filtration, and biological treatment, have been widely applied to 

reduce pollutant concentrations. However, these methods still suffer from several 

limitations, such as the generation of secondary waste, relatively high operational costs, and, 

in many cases, the transfer of pollutants from one phase to another without complete 

mineralization. These limitations have encouraged the development of more sustainable 

treatment technologies capable of completely degrading organic contaminants. Among the 

available approaches, Advanced Oxidation Processes (AOPs), particularly photocatalysis, 

have attracted considerable attention because they generate highly reactive oxygen species 

(ROS), such as hydroxyl radicals (∙OH) and superoxide radicals (∙O₂⁻), which can non-

selectively oxidize complex organic molecules into simpler intermediates and ultimately 

mineralize them into CO₂ and H₂O. Owing to its ability to utilize light energy as the driving 

force while minimizing secondary pollution, photocatalysis has emerged as a promising, 

energy-efficient, and environmentally friendly technology for wastewater remediation 

(Iyyappan et al., 2024; Khader et al., 2024; Lee et al., 2023). 

To rigorously benchmark the efficacy of photocatalytic systems, standard model 

pollutants with high structural stability are required. Methylene Blue (MB) is a cationic 

thiazine dye commonly employed as a benchmark pollutant in photocatalytic investigations 
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owing to its stable aromatic ring system, high water solubility, and characteristic light 

absorption peak in the UV–Vis spectrum. Consequently, the quantitative degradation of MB 

serves as a reliable metric for evaluating the catalytic performance of various semiconductor 

systems (Muzammal et al., 2024; Naggar et al., 2024). Nevertheless, the overall photocatalytic 

degradation efficiency remains heavily governed by the intrinsic properties, surface area, and 

architectural configuration of the chosen semiconductor materials. 

In recent years, the paradigm of photocatalyst design has shifted not only toward 

maximizing pollutant degradation efficiency but also toward integrating renewable, low-cost, 

and eco-friendly biomaterials. Among agricultural waste streams, rice husk ash (RHA) 

represents an exceptionally promising biogenic resource, containing up to 87–97 wt% silica 

(SiO2) after controlled calcination (Nzereogu et al., 2023). Silica derived from RHA possesses 

a high specific surface area, excellent chemical and thermal stability, non-toxicity, and high 

potential as a catalyst support matrix. The presence of a silica support enhances the 

adsorption capacity for pollutant molecules on the catalyst surface, thereby facilitating 

subsequent photocatalytic reactions. However, because pure SiO2 features a wide energy 

band gap ~8.9 eV, it cannot be photo-activated under solar or near-UV light independently, 

necessitating its coupling with narrow-band-gap active semiconductors (Rodriguez-Otero et 

al., 2023). 

Copper(II) oxide (CuO) is a p-type semiconductor featuring a direct band gap of 1.2–

2.0 eV, which enables efficient photon absorption within the visible and near-UV spectrum. 

This optical property makes CuO an outstanding candidate for generating photogenerated 

electron-hole (𝑒−/ℎ+) pairs under light illumination (Jonuarti et al., 2026). Nevertheless, 

utilizing CuO in powder form suffers from severe practical drawbacks, including particle 

agglomeration, difficulties in post-reaction recovery from aqueous media, and potential mass 

loss during recycling steps. Immobilizing CuO into thin-film architectures offers a practical 

strategy to overcome these recovery challenges, enhancing reusability while eliminating 

secondary particle separation steps (Sarma, 2023). 

Coupling SiO2 and CuO into a bilayer thin-film configuration is anticipated to yield 

synergistic effects that enhance photocatalytic performance. In this bilayer layout, the 

underlying SiO2 layer functions as a smooth, high-surface-area foundation, while the 

upper CuO layer acts as the photoactive component responsible for absorbing photons and 

generating reactive radicals (Federico et al., 2025; Huyen et al., 2022). However, the 
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functional efficacy of such bilayer systems is critically dependent on layer thickness, 

interfacial contact quality, and cross-sectional morphology. Without direct microstructural 

and thickness characterization across the film cross-section, the precise relationship between 

physical film architecture and photocatalytic performance cannot be comprehensively 

resolved. 

Although several prior studies have investigated silica-CuO composites in powder or 

nanoparticle forms, investigations into bilayer SiO2/CuO thin films utilizing biogenic RHA-

derived silica—specifically linking cross-sectional SEM morphology with photocatalytic 

degradation kinetics—remain scarce. Therefore, this study addresses this research gap by 

synthesizing bilayer SiO2/CuO thin films via combined sol-gel and spin-coating processes. 

The main novelty of this work lies in establishing the direct correlation between crystal phase 

evolution (XRD), cross-sectional morphological properties including vertical film thickness 

and granular phase distribution (cross-sectional SEM), and evaluate their photocatalytic 

activity toward methylene blue degradation using UV–Vis spectroscopy. 

 

METHODS 

Raw rice husk collected from a local rice mill in Padang, West Sumatra, Indonesia, 

served as the biogenic silica precursor. Analytical grade reagents used without further 

purification included hydrochloric acid (HCl, 37%, Robogen Laboratory Chemicals), sodium 

hydroxide (NaOH, 98%, Merck), copper(II) oxide powder (CuO, Cifala Laboratorium 

Centre), polyvinylpyrrolidone (PVP-K30, Unilong Industry), absolute ethanol (99.9%, 

Merck), and deionized water. 

Silica was extracted following the method described by (Dorairaj et al., 2022) with 

slight modifications. Raw rice husk was thoroughly washed with running water to eliminate 

adhering dirt, then dried in an oven at 100 °C for 24 h. A 50 g portion of dried rice husk was 

soaked in 500 mL of 1 M HCl solution and heated at 80 °C under continuous magnetic 

stirring (200–300 rpm) for 2 h to leach out metallic impurities. After cooling to room 

temperature, the mixture was filtered and washed with hot deionized water (50–60 °C) until 

reaching a neutral pH (6–7). The leached husk was dried at 100 °C for 24 h and calcined in 

a muffle furnace at 650 °C for 4 h (heating rate of 5 °C/min) to obtain high-purity white rice 

husk ash (RHA) silica (SiO2). 
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To further enhance purity and surface porosity, acid activation was performed using 

1 M HCl at a solid-to-liquid ratio of 1:10 (w/v). Typically, 1 g of calcined RHA silica powder 

was suspended in 10 mL of 1 M HCl, stirred, and heated at 80 °C for 2 h. Following 

activation, the slurry was filtered and rinsed repeatedly with warm deionized water until the 

filtrate reached pH 7. The activated silica precipitate was dried at 100 °C until reaching 

constant mass prior to sol preparation (Hidayat et al., 2026). 

The silica sol was prepared according to the method adapted from (Rahmadhani et 

al., 2024). Briefly, 0.3 g of activated silica powder was dissolved in 10 mL of 1 

M NaOH solution and heated at 80–90 °C for 1 h to form a sodium silicate (Na2SiO3) 

solution. The solution was subsequently neutralized by slow dropwise addition of 1 

M HCl until reaching pH 7–8, forming a silica gel. The gel was aged for 24 h at ambient 

temperature and washed with deionized water to remove residual NaCl salts. Finally, the 

cleaned gel was dispersed in a mixture of 6 mL ethanol and 2 mL deionized water, followed 

by ultrasonication for 30 min to yield a homogeneous, stable SiO2 sol (Adam et al., 2025). 

Glass microscope slides (1 cm × 1 cm) were ultrasonically cleaned sequentially in 

acetone, ethanol, and deionized water for 10 min each, then dried under nitrogen gas flow 

(Bitu et al., 2023). A 150 µL aliquot of SiO2 sol was deposited onto the glass substrate via a 

two-stage spin-coating process: 400 rpm for 30 s (spreading stage) followed by 3000 rpm for 

30 s (thinning stage). The deposited SiO2 film was thermally annealed in a furnace at 300 °C 

for 3 h at a heating rate of 5 °C/min (Walker & Koutsos, 2023). Concurrently, 

a CuO suspension was prepared by dispersing 0.1 g of CuO powder and 0.05 g of PVP-K30 

in 10 mL of absolute ethanol, followed by ultrasonication for 60 min. A 150 µL volume of 

the CuO suspension was spin-coated onto the pre-annealed SiO2 film using identical 

rotational parameters. The resulting bilayer SiO2/CuO film was post-annealed at 300 °C for 

3 h to promote interfacial adhesion and enhance CuO crystallinity (Kekuda, 2024). 

The phase composition and crystal structure of the materials were characterized 

using X-ray diffraction (XRD) on two types of samples: silica powder extracted from rice 

husk ash before and after the activation process, and the SiO2/CuO thin films. The analysis 

of silica powder was intended to identify the diffraction characteristics of SiO2 and evaluate 

the effect of the activation process on the material structure. Meanwhile, the analysis of the 

SiO2/CuO thin films was conducted to identify the crystalline phase of CuO and confirm 
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the presence of SiO2 based on the obtained diffraction patterns. The diffraction data were 

subsequently analyzed using Origin and Match software. 

Cross-sectional morphology, physical film thickness, and interfacial structure were 

analyzed using a Scanning Electron Microscope (SEM, JEOL JSM-6360). Samples were 

fractured precisely along the cross-section and sputter-coated with a thin gold layer to 

prevent electrostatic charging. SEM imaging was performed at an accelerating voltage of 15 

kV and a magnification of 15,000×. Cross-sectional microstructural analysis focused on 

measuring vertical film thicknesses, assessing surface flatness, and observing the distribution 

of the upper CuO granular phase. 

Photocatalytic activity was evaluated by monitoring the degradation of methylene 

blue (MB) dye (10 mg/L initial concentration). The bilayer SiO2/CuO thin film was placed 

at the bottom of a glass reactor containing 50 mL of MB solution. Before light exposure, the 

system was kept in the dark for 30 min under mild stirring to establish adsorption-desorption 

equilibrium between dye molecules and the film surface (Ulfa, 2022). Subsequently, the 

reactor was irradiated under a UV-A lamp (𝜆 = 365 nm, 15 W) placed 10 cm above the 

solution level. At 0, 60, 120, and 180 min of exposure, 3 mL aliquots were extracted, and MB 

absorbance was measured at its maximum absorption wavelength (𝜆max = 664 nm) using a 

UV-Vis spectrophotometer (Shimadzu UV-1800). The degradation efficiency (𝜂) was 

calculated using Equation (1): 

𝜂(%) =
𝐶0 − 𝐶𝑡

𝐶0

× 100% (1) 

where 𝐶0 is the initial MB concentration and 𝐶𝑡 is the concentration at irradiation 

time 𝑡 (Jonuarti et al., 2026). 

 

RESULTS 

1.  XRD Characterization of Silica Powder Before and After Activation 

The X-ray diffraction (XRD) patterns of silica (SiO₂) powder extracted from rice 

husk ash before and after activation using a 1 M HCl solution are presented in Figure 1(a–

b). Figure 1(a) shows the diffraction pattern of the silica powder before activation, whereas 

Figure 1(b) presents the diffraction pattern after activation. In general, the activation process 

altered the diffraction characteristics, as indicated by the reduction in the intensity of several 
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crystalline peaks and the appearance of a broad hump at approximately 2θ ≈ 22°. In addition, 

the diffraction pattern prior to activation still exhibited several peaks associated with impurity 

compounds, whereas after activation the pattern was dominated by the characteristic features 

of amorphous SiO₂. These results indicate that the activation process affected the structural 

characteristics of the silica powder. A more detailed discussion regarding phase identification 

and the influence of activation on the silica structure is provided in the Discussion section. 

 
Figure 1. X-ray diffraction (XRD) patterns of silica (SiO₂) powder extracted from rice husk ash: (a) 

before activation and (b) after activation using a 1 M HCl solution. 

Figure 1 shows the X-ray diffraction (XRD) patterns of silica (SiO₂) powder 

extracted from rice husk ash before and after activation with a 1 M HCl solution. A 

comparison of the two diffraction patterns reveals changes in peak intensity and diffraction 

characteristics, indicating the effect of the activation process on the silica structure. HCl 

activation plays a role in removing impurities and improving the purity of the resulting silica. 

 

2.  XRD Characterization of SiO₂ and Bilayer SiO₂/CuO Thin Films 

The X-ray diffraction (XRD) patterns of the SiO₂ thin films and bilayer SiO₂/CuO 

thin films synthesized using the spin-coating method are presented in Figure 2(a–b). Figure 

2(a) shows the diffraction pattern of the SiO₂ thin film, while Figure 2(b) displays the 

diffraction pattern of the bilayer SiO₂/CuO thin film after CuO deposition. The differences 

in diffraction characteristics between the two samples indicate structural changes following 

the formation of the bilayer film. A detailed discussion of the crystal phases and structural 

characteristics of each layer is provided in the Discussion section. 
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Figure 2. X-ray diffraction (XRD) patterns of thin films deposited on glass substrates : (a) SiO₂ 

thin film and (b) bilayer SiO₂/CuO thin film. 

Figure 2 presents the X-ray diffraction (XRD) patterns of thin films deposited on 

glass substrates, namely the SiO₂ thin film and the bilayer SiO₂/CuO thin film. A 

comparison of the diffraction patterns reveals changes in diffraction peak characteristics after 

the addition of the CuO layer, indicating the formation of a bilayer structure on the substrate 

surface. These results demonstrate that the deposition process successfully produced thin 

films with the intended composition. 

3.  Cross-Sectional SEM Morphological Analysis 

High-resolution cross-sectional SEM micrographs (15,000× magnification) for 

single-layer SiO2 and bilayer SiO2/CuO films are shown in Figure 3(a–b). In Figure 3(a), the 

pure SiO2 film displays a dense, continuous single-layer structure adhering firmly to the glass 

substrate, characterized by a smooth upper boundary (SiO₂ Surface). Quantitative image 

analysis revealed a uniform vertical thickness of 3.507 µm for this pure silica base. 

Conversely, Figure 3(b) demonstrates that the bilayer SiO2/CuO film exhibits an 

increased total thickness of 5.444 µm. Overlying the smooth SiO2 foundation, a distinct 

porous secondary layer consisting of clustered particulate grains (CuO Granular Phase) is 

clearly resolved. The net vertical thickness increase of ∼ 1.937 µm corresponds to the 

effective thickness of the deposited granular CuO top layer. 
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Figure 3. SEM Analysis of Thin Films. (a) 15,000× magnification of pure SiO2 layer 

(∼ 3.5 𝜇m thickness). (b) 15,000× magnification of SiO2/CuO composite layer (∼

5.4 𝜇m thickness), showing the distributed granular CuO phase. 

This cross-sectional architecture—combining a 3.507 µm silica support with a 5.444 

µm total bilayer profile—directly influences active site availability during photocatalytic dye 

degradation. 

 

4.  Photocatalytic Activity of SiO₂/CuO Thin Films 

To evaluate the photocatalytic activity of the SiO₂/CuO thin films, degradation 

experiments of methylene blue (MB) solution were conducted using UV–Vis spectroscopy 

at different irradiation times, namely 0, 60, 120, and 180 min. Changes in the intensity of the 

MB absorption peak at the maximum wavelength were used to determine the degradation 

efficiency, the relative concentration ratio (C/C₀), and the reaction kinetics based on the 

pseudo-first-order model. The experimental results are presented in Figure 3. 
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Figure 4. Photocatalytic activity of SiO₂/CuO thin films toward methylene blue (MB) degradation. 

Figure 4 illustrates the photocatalytic performance of the SiO₂/CuO thin films in 

degrading methylene blue (MB): (a) UV–Vis absorbance spectra recorded at irradiation times 

of 0, 60, 120, and 180 min, with the main absorption peak located at approximately 664 nm; 

(b) degradation efficiency of MB at each irradiation time; (c) variation in the relative 

concentration ratio (C/C₀) as a function of irradiation time; and (d) the pseudo-first-order 

kinetic plot based on the relationship between ln(C₀/C) and irradiation time, yielding a 

reaction rate constant (k) of 7.33 × 10⁻⁴ min⁻¹ and a coefficient of determination (R²) of 

0.985. 

 

DISCUSSION 

1.  XRD Characterization of Silica Powder Before and After Activation 

The X-ray diffraction patterns presented in Figure 1(a) indicate that the silica powder 

extracted from rice husk ash before activation still exhibited several diffraction peaks with 

relatively high intensities. These peaks suggest the presence of crystalline impurities 
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originating from elements such as Ca, K, Fe, and Mg, indicating that the diffraction pattern 

was not solely dominated by the SiO₂ phase. 

After activation using a 1 M HCl solution, the diffraction pattern in Figure 1(b) 

changed significantly, as evidenced by the appearance of a broad hump at approximately 2θ 

≈ 22°, while most of the crystalline peaks decreased in intensity or disappeared. This change 

indicates that HCl activation effectively removed a large proportion of the impurities without 

altering the fundamental structure of SiO₂, thereby improving the relative purity of the 

extracted silica. 

The predominance of the amorphous phase provides advantages for photocatalytic 

applications because it offers a larger surface area, which can enhance methylene blue 

adsorption and provide more favorable sites for CuO deposition. These findings are 

consistent with those reported by (Rahmadhani et al., 2024; Rodriguez-otero et al., 2023; 

Nzereogu et al., 2023), who demonstrated that acid activation produces amorphous silica 

characterized by a broad hump around 22°. 

2.  XRD Characterization of SiO₂ and Bilayer SiO₂/CuO Thin Films 

The diffraction pattern of the SiO₂ thin film shown in Figure 2(a) is dominated by 

an amorphous phase with relatively low intensity. This behavior can be attributed to the small 

film thickness and the use of an amorphous glass substrate, which increases the diffraction 

background and reduces the visibility of the SiO₂ peaks. 

Following CuO deposition via the spin-coating method, the diffraction pattern in 

Figure 2(b) exhibits several peaks associated with the monoclinic CuO phase. The 

appearance of these peaks confirms the successful formation of the CuO layer on the SiO₂ 

surface. However, the CuO diffraction peaks remain relatively weak due to the thin film 

thickness, small crystallite size, the dominant signal from the glass substrate, and the possible 

presence of preferred orientation. Furthermore, the annealing temperature of 300 °C is 

presumed to be insufficient for achieving optimal CuO crystallinity.  

These results demonstrate that the bilayer SiO₂/CuO thin films were successfully 

synthesized. In this structure, SiO₂ acts as the supporting material, while CuO serves as the 

active component responsible for light absorption during the photocatalytic process. 

Previous studies have reported that the incorporation of CuO onto a stable SiO₂ support 

can improve the dispersion of CuO particles, provide a larger active surface area, and 
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enhance the interaction between the photocatalyst and target pollutants during photocatalytic 

degradation processes (Rodriguez-Otero et al., 2023). 

3.  Cross-Sectional Morphological Analysis and Interfacial Characteristics 

Cross-sectional SEM analysis Figure 3 provides crucial structural insights into the 

physical layout of the bilayer system. For single-layer SiO2 Figure 3(a), the 3.507 µm thick 

film displays excellent continuity and strong substrate adhesion without micro-cracks. This 

indicates that the two-stage spin coating process (400 rpm/3000 rpm) combined with 300 

°C thermal consolidation yields a highly uniform silica base. 

For the bilayer film Figure 3(b), the total thickness expansion to 5.444 µm confirms 

the successful deposition of an upper CuO layer measuring ~1.9 µm in thickness. Unlike the 

smooth silica base, the top CuO layer exhibits a granular, porous cross-sectional morphology 

(CuO Granular Phase). The formation of this granular texture is assisted by PVP-K30, which 

acts as a steric stabilizer during suspension synthesis to prevent severe mass agglomeration. 

This porous granular architecture is beneficial for catalysis, as it increases active surface area 

and promotes dye penetration into the porous layer. 

4.  Photocatalytic Activity of Bilayer SiO₂/CuO Thin Films 

The photocatalytic activity of the SiO₂/CuO thin films toward the degradation of 

methylene blue (MB) under irradiation for up to 180 min is presented in Figure 4. The 

photocatalytic performance was evaluated based on changes in the UV–Vis absorbance 

spectra, degradation efficiency, the relative concentration ratio (C/C₀), and pseudo-first-

order reaction kinetics. 

Figure 4(a) shows that the absorbance peak of methylene blue remained at 

approximately 664 nm, although its intensity gradually decreased with increasing irradiation 

time. The reduction in absorbance indicates a decrease in methylene blue concentration as a 

result of the photodegradation process. Under UV irradiation, CuO generates electron–hole 

pairs that subsequently produce reactive species, such as hydroxyl radicals (•OH) and 

superoxide radicals (•O₂⁻), which oxidize methylene blue molecules. The absence of any 

peak shift suggests that the degradation process is primarily governed by the reduction in dye 

concentration. 

As shown in Figure 4(b), the degradation efficiency increased from 2.75% after 60 

min to 7.71% after 120 min and reached 12.13% after 180 min of irradiation. This trend 
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indicates that the photodegradation process proceeded continuously throughout the 

irradiation period. Nevertheless, the overall degradation efficiency remains relatively low. 

This limitation is likely due to the limited amount of CuO deposited on the SiO₂ surface, as 

the spin-coating process was performed using only a single deposition cycle. Consequently, 

the resulting film was relatively thin, reducing the number of active sites available for 

interaction with methylene blue molecules. 

In addition, the use of conventional glass slides as substrates restricted the annealing 

temperature to approximately 300 °C in order to prevent substrate deformation or cracking. 

The relatively low annealing temperature hindered the development of CuO crystallinity, 

leading to a high recombination rate of electron–hole pairs and reducing the efficiency of 

hydroxyl radical (•OH) and superoxide radical (•O₂⁻) generation. These findings are in 

agreement with the study reported by (Kekuda, 2024), which demonstrated that increasing 

the annealing temperature to 400–500 °C significantly enhances CuO crystallinity and 

improves its photocatalytic performance. 

Figure 4(c) illustrates that the C/C₀ value decreased from 1.00 to approximately 0.88 

after 180 min of irradiation. This decrease confirms that the methylene blue concentration 

gradually declined due to photodegradation. The relatively slow degradation rate suggests 

that further optimization of the film crystallinity, thickness, and porosity is required to 

improve photocatalytic activity. Figure 4(d) presents the linear relationship between ln(C₀/C) 

and irradiation time, yielding the regression equation: y = 0.000733x - 0.00667 with a 

coefficient of determination (R²) of 0.985. The corresponding reaction rate constant was 

calculated to be (𝑘 = 7,33 × 10−4 min−1) . The high R² value indicates that methylene blue 

degradation follows the pseudo-first-order kinetic model. The relatively low value of the rate 

constant is consistent with the limited degradation efficiency and is likely associated with the 

small active surface area and the restricted annealing temperature imposed by the use of glass 

substrates (Samarasekara & Premasiri, 2018). 

Overall, the SiO₂/CuO thin films exhibited photocatalytic activity toward methylene 

blue degradation, although both the degradation efficiency and reaction rate constant 

remained relatively low. Improved performance may be achieved by employing substrates 

with higher thermal resistance, thereby enabling annealing at elevated temperatures to 

enhance CuO crystallinity and photocatalytic activity. 
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CONCLUSION 

Bilayer SiO2/CuO thin films were successfully synthesized using biogenic silica 

extracted from rice husk ash via combined sol-gel and spin-coating techniques. XRD analysis 

confirmed that 1 M HCl activation yielded high-purity amorphous silica (2𝜃 ≈ 22∘) and that 

subsequent CuO deposition formed monoclinic CuO crystalline phases. Cross-sectional 

SEM imaging verified the physical bilayer structure, showing a smooth 3.507 µm 

thick SiO2 base film and a 5.444 µm total thickness for the bilayer film featuring a 

porous CuO Granular Phase upper layer. Photocatalytic tests demonstrated that the 

bilayer SiO2/CuO film achieved 12.13% MB degradation after 180 min of UV-A irradiation 

(𝐶/𝐶0 = 0.88). The degradation process strictly obeyed pseudo-first-order reaction kinetics 

with a rate constant (𝑘) of 7.33 × 10−4 min−1 (𝑅2 = 0.985). These results highlight the 

efficacy of agricultural RHA-derived silica as a functional support for thin-film 

photocatalysts. Future studies should optimize spin-coating cycle repetitions and employ 

heat-resistant substrates to allow annealing above 300 °C, thereby 

maximizing CuO crystallinity and overall photocatalytic efficiency. 

This study contributes to the utilization of rice husk ash as an alternative silica source 

for the development of thin-film photocatalytic materials. In addition to demonstrating the 

successful fabrication of SiO₂/CuO bilayer thin films through the spin-coating method, this 

research highlights the potential of extracted silica as a supporting material for CuO in the 

degradation of organic dyes. These findings provide a foundation for the development of 

more economical and environmentally friendly photocatalytic materials derived from 

agricultural waste. 

For future research, further optimization of spin-coating cycles, film thickness, and 

SiO₂/CuO composition is recommended to improve photocatalytic activity. In addition, the 

use of substrates with higher thermal resistance should be considered to enable annealing at 

temperatures above 300 °C, resulting in improved CuO crystallinity. Further investigations 

regarding the effects of different light sources, operational conditions, and other 

photocatalytic parameters are also required to achieve higher degradation efficiency. 
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